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^mmi- h V ^ M.^i^m^t^:^m {B u 1 \ e t i n of 

the Chemical Society of Japan, vol. 
73, 2000^. 951-956M) \^<:>\/^ X ^ t . m^S^§l 

1 2 5 9 7 -^^^{c ?i '^ji^^M>^m(o^ y B — h^i^^m^b:^^ 

i b-c. mmmt^\^B tmB ^mm^m\^^x 2 ^/v^s 

l:: J; K ItSl ^ 5 2 ~ 6 5 % Id * o -C *5 19 . * fc. ^ d"p 
;t3^j:VNo ^_Lo^tc«i#^2 0 0 3 - i 2 5 9 7 ^■(D:^m\t^^^^ 
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itBt7m^i^m^-^^:)^m (Ca ta lys i s Le t ter s, 

4 0, 1 9 9 6 #, 2 5 7 M) ^■^:t7-( h^^TX':t^iy3 
iti-^:^^^ (#5IBS5 9-2 1 9 24 1 -^-^^ *3 J: i - 

5 0 2 8 1 9 -^^i^^) b tbX {Rltt t>^f&<0^^ttl3:o 

- ^ ^ S# ^ m 5t o fc o 

(?:> §B ^ 

. 2 - ;i^/i^^.%.^m^mm t {.X . ^ ^ na^ — ^ 3 

l^®Xf:i^^>a^ 5*tMxmSrm^-g'fc»^5 r t J: o T 
( 1 ) 2 - ^ ^/w^S^S&Sr 3 mit bT5-3-K-2-7( ^/V 
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^Rji^^nmt, M^. H^^s xit^^h^m^^i:>'\tt;imm 

(2) ^ 7^ — y ^ :t y 4 bX'feS (1) (D 5 

- 3 - K- 2 - ^ ^/u^M^mm(omm-:^mo 

( 3 ) /3 m-^iry ^ Y(OS i / A 1 ^/Utii^ 10~250 T*fc5 ( 

2) 5 - 3 - K- 2 - p{ ^/w^a#il(??ii5t::^?*„ 
(4) ^Mif;^^^ho#:^(Z)«^t3:!l:*^?)Si. Al. Oirfi^ 

( 5 ) /3 Mif -f Y <r>-W^<Dmm^l^i)^^ Si. A 1 . O i! 
fi:^M^<DjtMi)^s Na. K, Cs, Ca. Mg. Ti. Sn. F 
Ni, Zn. Pb, A zii^hm\-S.^^—mU±.X-th^ ( 4 ) CO 
5-3-K-2-p« ^/l-^S#^<^M5t^lSfeo 

(6) ^-fb^J^S^, 3 ^^^^S-T^/XfiiS 3 (1) 

^T'^S^^-r-S (7) <^ 5 - 3 - K- 2 - 7< ^/l-^S^^<^^3t:5&- 

& o 

(9) 5^g6-ElilXbf::-^^^a /K- 7 ;^ ^k-a^tJ ^^Sx^?^ b fct^ . 

(8) © 5 - 3 - K- 2 - 7« ^>'^^S§^<^M3t:5b^'&o 
(1 0) :5^il-|s]iDi L-fc-^^ n i: 
bT@1f^^ffiV^5 (9) <^ 5 - 3 — K- 2 - ^ ^/i'^Sll^<^M3t 
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400~7 0 0''C<^|5iaT*fcS (8) Xi-± (9) (D5-B— }^-2 

(12) ^f&xm<7)^i^ t vxmm^m^^^ (i) ©5-3 - k- 

\zX?>-h<DX'h^ (1) <^ 5 - 3 «- K- 2 - 7« ^/i^^s^^oj^at 

(14) SfS.^^^S 1 S»§M->t* LT 0 . 1 ~ 5 a»§P(D7k^*Px. 
Ti^^^^^lfW^^'Sd 3)<Z)5-3 — K-2-p< ^/l^^B^m<D 

(15) ^Wl- J: ^^^^j^^g^ i 0 ~ 8 0°C (Dm.mX'^ 
^^"^kxn (13) (14) (D5-3 — K-2-7t^7V^S 

(1 6) ^mm(DMm:^^hmm^^^\^fti^^<D^s^(D-'^^^nmm 
y 1^-r ^ /i^-fs (is) o 5 - 3 — k- 2 - p« ^>'V'^S^^<^^ 

(17) (1) - (16) <7:>infi:^»(D:^m\c X <^xmm:^ti. 5- 

^ hS.tj«^JR^^b2feoMl:>65 5 0 0 p p mi^T-efc^J^M^ 5-3 
- K - 2 - p« ^/i-^S^^o 

^^i^Jt)6fcJ?)Jj:fij^S9 8 %jsJL_t<^ t>(D^^^-t-5 <^;eis$f ^ uv^o 
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S ^ i: :6ST?# 5o ISLyi^M t VX it 7k (O^izf^m {.^^(0^(0^^ t 
:t:ym:s MzKtV-^/i.^, :S: 7j< :7 /i' ^ ^ <^ yi- j}^' >- ^ ^ 

KT?, 8 MS!l^5t<^ a B AEI, AFX> APC, atn, a 
T T . A T V, AWWs CHAx DDKs EAB. ERI..GIS 
. JEW. KFI. LEV. LTA. MER, MON, PAU, P 
HI> RHO, RTE, RTH> VNI. 9M^^at<^CHIs L 
OV. RS.N, VSV. 1 0 M.nm7^(0-D AC . EPI. FER^ 
LAUs MEL. MFI. MFS. MTT. NES. TON. WE 
I. 12M^t»st<^AFS. AFY. ATO. CAN. GME. M 
AZ. ME I. MTW. OFF. RON. VET^d^felJ. J:!9l^ 
L<{iChabazi te. :^ 7 4 h A ^ X. Y. L. ZSM- 
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ffl V> -5 <D:dS^g:^ ^_^v^„ . 

S S i . A 1 , O^^OmOycm. ^!lx.J^N a , K. C s . C a , 
Mg, Ti, Sn. Fe. Ni, Zn, Pd. Ag:^?^ ^c^tZl^V^ 

Rit^umn^ 5 o~2 oot:, 0*L<fi7 o~i 5 o'Ct^isia 

i>JS^&%ffl]^J boo, 3PE:5>;^^^lS:)t^Sr#:5 :i i: ;6S-r-# So Kji&JBE 
:fd i^>5*JE-t? 0. 005~2MPa.$f*b<(iO. 01~1M 

2 - ^ f-^i^^}^mm<DmM.i'i 1 0 5 t:T*fe t) . iii^iii!.Jio?i.^-c 

/P;^npf^^, n D 7« >- . ffli^jb^^s iJ' o n ^ V :x , ^ 

<©^ffiSf±2-pi^/W^S#^im»$PJ-*)-UT0. 5~1 0 OS 
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1-1. 5fi4^fP^ 01^V<no. 5~lS*tPffiv^§0:iSJi^-T? 

siHsiJi^r bt 0 . 0 1 ~ 1 mm^x'(o^mib^0t. u < . MiJiSf * u 

<ttO. 05~0. 5 SagBOfgffiTffc So 
lS»§Pi-MLro. O 5 $f * L < 0 . 

^v^:6s, \^fc^^m^m^^j:mmxm^vx^\^^fc'ik. ^jt&tc 
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7i^'-v:^it'^<^^m,^'ik\c 1 0 0 ~ 1 5 Ot:-C$f * L < ft 2 ^f^U 

i: LTfl 4 0 0 ~ 7 0 0 t:. m 
^^f^\t.O. 5 ~ 1 0 ^FB^<Df&ffl:6S0* UV^„ 

1 fii^tc:^ LT 0 . 0 1 ~ 2 a»|fp> iif * t < ft 0 . 1~ 
f-<k 9 ^ bnTm3is|-<^ 2 

^^:^fi?^V^ft!^^ $-1i:-CSi;&§gfj:{t5iA/f£m'a'le:ft. ilBO^^Bfi 
8u^(7? cfc 9 ^z:*3V^-C^t. lal^^b-^s (al ^ . ^^ig 

&fe: J:oT3 !J7 m^k^iJ: % fr o fc'# . b^b^^Ic J; 5 
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TT'^^ Lfc 5-3-K-2-p< 7 0 %i^±;65^l±i 

1 — 5 SSIfPc^TK^^gsSni-S ^ ^^"Lfz. 5-3-K-2-pi 

■rjtefc*>. ^;^;k^?^=lr 1 0 ~ 8 0 *c<^ia^iSfflx-fBtffi-5 r 

1 fiaSPlJ:??* UT 0 . 1 ~ 5 fiftlFIS. 0* U < 0 . 3~2fifl:§|J 

•k fc. Mm'^(D^mm\^n^m'^\^mm\^x\f^ti 5-3 - k -2- 
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V> fc ib lent . -a b ^ ^ ^ iHl J|X U fc ^ O ^ 5^ 5 0 ~ 9 0%^}) 

u-c-^*n5 3^^s 3 i^n^fk-a-i^. mmm.. m^^m^t'^m. 
{^mm 1 ] 

?^*P3titl^^^i^yt 2 0 0 m LHop :7 ^ :^ =1 Iwglf^ 7 6 . 5g 

^ mii^mm 2 3 . sg. 2-^ 20. og, 3i>*i 

4. 4g, 7 0 % 3 l> ^^tK^^K 8 . 6g. H- i3 Mif -< h 4 
. 6 g =lrit5i^. 3S»S?a^ (12 2*0 T-4^i!g^/^;^^f:io RJt^ 

iPbfdo mmLtc'^^g^mmi:: ^oXWi^l^X±0.m 2 9.. 3 g ( 

2 - ;^ ^;i^^B^m^it^ : 9 7. 0% 
5 - 3 — K- 2 - p{ ^/l^^a.^^ : JlX^ 9 2. 0% 

)i4R^ 9 4. 8 % 

3 - 3 — K- 2 - ^ : 0. 7% 
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il4R^ 0. 7% 

5 - 3 - K- 2 - ^ 9=-/^^S#^^^JlX^ : 7 5 . 9% 

5^^1^5-3-K-2-p{ 9 9. 7 % 
±IB"T?# 1 g ^5^ / — /V- 2 5 m L 4 %K 

l7K^I^2 5mL. 1 7 5 m L X.fc^. 0. 0 2M^^ 

olfeo *^ICP:^7D^5^tlflCj:tl(i. Lis Na. Mg, C 

as STs Bas Scs Ys Ti^ Zr^ Vs Nbs CxsMos 
WsMns Fes Ru^ COs Rhs Nis Pds Pts Cus A 
gsAUs Zns Cds Als IHs Si, Shs Pbs Ps Sb 
s S fi^^ttj ^ HTs 1 JSs Jtt^ 2 M©7cmfiiRrtL% 1 p pmUTX' 

96. Ogs ^7Ki^^^9. 2gs ai^^^is. 6gs 

^ ^mm.o:>^t>^ \^T^B t7 mm. ^ . sg ^i^^-r s i 

2 - ^/I'^S^^teYb^ : 9 3. 0% 
5 - 3 — K - 2 - 7< ^/V^S*^ : 8 9. 3% 

^H^^ 9 6. 0 % 

3 - 3 — K- 2 - ^ ^^•/I'^S*^ : 0. 2% 

31^^ 0. 2% 
5 - 3 - K- 2 - ;^ ^/I'^S^^^^BiR^ : 7 3. 7% 
I^Mi^ 5-3 - K -2-^ ^/V^S#^M^ : 9 9 . 5 % 
±f2-C*# b tlfcM^ ^^tlf LfcM^s it it 3 e7*{i5ppms L 
is Nas KsMgs Cas Sts Bas Scs Ys Tis Zts 
Vs Nbs CrsMOsWsMns Fes Rus COs Rhs Ni 
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^ Pd^ Pt^ Cus Ags Auv Zhx Cdx Al^ In^ Si 

. sn. Pb, p, sb. s fii^tfci $ tL-f . im. RXJ^2m(D^m 



immm 3 3 

fc^. iSi^^lJ:>4<; 5 0. o g ^M^x m.m.t.x-^m Lfc„ tff tH Lfc^ 
fm^^iliiJc J: <9 HUIX L. ^^i^ 3 3 . 
T <7) ^ dMt b n/c o 

5-3 - K -2-^ f^/l^^S^i 



0 g ^nt^io ^^(Dm^. U 



3 - 3 — K - 2 



9 7 
9 2 
9 4 
0 
0 



0 % 
0 % 
8 % 
7 % 

7 % 
6 % 

8 % 



5-3-K-2-p< ^/W^SW^^^JR^ : 8 5 
iS^^H4'5-3-K-2-^ ^/V^S^^M^ 9 9 

i. Na. Mg. Ca, Sr. Ba. Sc. Y. Ti. Zr. 

V. Nbs Cr. Mo^ Mn. Fe. Ru. Co. Rh. Ni 

. Pd. Pts Cu. Ag. Au. Zn. Cd. Al. In. Si 
. Sn. Pb. P. Sb. Sfi^W$tL-f. IJH. RXJ^2m(07tm 
iti^Itl-^ 1 p p mW^TXh o fCo 



mmmi(D^^^Bmi^^^(omm^mmLxnbfiti-mm9 . i g<^ 
8 0% (7. 3g) <^B%^^{c y cj'/i-L^^o y ^/i--t-^^ 



14 



wo 2005/003073 



PCT/JP2004/009696 



ppm^ Li^ Na^ K^Mg^ Ca^ Sr> Ba^ Sc^ T 

is Zts y s Nb> Cr^ Mo^ Mn^ Fe^ RUs Co^ 

Rhs Nis Pdv Pts Cus Ags Au^ Zn^ Cd^ Al^ 

In. Si. Sn. Pb. P. Sb. S It^m $ . 1 m. 

2 moTn^ttfnrtL-fe 1 p p mUTx^^^ito mmm i x-nhtiti 5 

- 3 - K- 2 ~ ^ 2 9. 3 g T'fcofcd^. 

iitmm 1 ] 

m'^J^'^imW^m^fc 100 m LHo P:77;^3l::3 0 %^m. 2 5 
m L . 2 - ?t ^/I^^SWi^? 1. 36g (lOmmol) $ ^ 

. — i^-fb 3^>^2. 4g (ISminol) ^f^STLfc, QCCT^S 
^FBm^&^tTV^. tK 9 0 m L ^•--av^fc„ tt St b . mSit 

(ilx»i. 6 g) o ^^io^^s mTcc>SJf£^J5fea;^M# e> tifco 

2 - ^ '9=-/V^&W^fe'fb^ 5 2. 0% 
5 - 3 — K~ 2 - p« : 4 0. 6% 

7 8. 0 % 

3 ~ 3 — K- 2 - ^ : 12. 0% 

2 3. 0 % 

5 - 3 - K- 2 - ^ : 2 3 . 2% 

^^•t" 5 - 3 - K- 2 - p< ^/l-^S^^M^ 3 8 . 0% 

r ^v^^±-l' yya /ur /u =t ^ /um ^ m X n 
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mi5. Og. 3!>^12. Og. 5 0 %ai 3 I^^^tK^^K 7 . 2 
g s ^il^^ 4 . 7 g ^tt5Z=^. ( 1 2 0 t:) T' 7 B^Fh^^^£: 

2 - 7^ ^^I'^S^^fe'fb^ 9 4. 0% 
5 - 3 — K- 2 - ;»{ '5=-/^^SW®? : iiK^ 6 9. 0% 

miSim 7 3. 4 % 

3 - 3 — K- 2 - p« -^^/l-^S*^ : JIX^ 2 0. 0% 

2 1. 3 % 

5 - 3 — K- 2 - ;^ ^/l-^S^^^^llX^ : 5 4 . 0% 

j^^ff^ 5 - 3 «- K- 2 - ^ 9 5 . 0% 

-h|B(^ J; 5 iJi^MiE i: L T ^iit^ ffi V^ fc^-g- IJ: 5 - 3 - K 



Ctti^M 3 ] 

2 - ?^ 15. 8% 
5 - 3 — K~ 2 - ^ f^/l^^S^^ : 9. 5% 

51^^ 6 0. 1 % 

3 - 3 - F- 2 - ^ : 2. 8% 

18. 0 % 

5 - 3 - K- 2 - ^ f=-/U^S#^^^BHX^ : 7. 4% 

^B^B't'5-3-K-2-p« ^/I^^S^^M^ 5 7. 0 % 
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2 - ^ ^yW^S^^^^b^ 6 5. 8% 
5 - 3 — K- 2 - ;^ '^^/I'^S^^ : 6 0. 2% 

9 1. 5 % 

3 — 3 — K - 2 - ^ : 2. 2% 

5^^^ 3 . 3 % 

5 _ 3 _ 2 - ^ ^;W^S.«^3^^JR^ : 4 5 . 8% 

.1^B^'t'5-3-K-2-;^ ^y^^S^^^Jfe^ 9 5. 2 % 

ifSt^J: 5{-^7K@^^^^ffib^cev^#-^^c:^i, s-a.— K-2- 
7« ^/^^S#^<o^s&^^ JlX ^ t> 3i)^ o o 

C^m^J 5 ) 

^mm^W^iM ^tc 1 0 L^/;£:^:^(c@^m2 6 7 a g. «i7k@^^ 

8 2 3 2 - 7< 7 O 0 g s 3!J'^502g, 70% 

3 ^mmTii^l^W 2 9 9 g . H - ^ Mif b 1 6 1 g ^ti:5i^. 

it^Sifi^ ( 1 2 2*C) T'4NFFBm^&$*:^o ^^S^T^s 7^ V 

fCo 7^/l-^5'-±<^H-/3 M-if :t 7 ^ h ^i^^ 3 5 0 g T'?5fc# 

o -cmiiX UT^^Jfe 9 7 0 g (^Mf^fi*) ^#fCo HDR^^RtJ? 

«?^^HPLC (iffii?^^:^ P h ^'7 37) J: 15 ^^If Lfcl^m> 
T O ^ J^r> fife a # b ^ fc o 

2 - f-Jl^^Bmm^ih^ : 9 7. 0% 
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5 - 3 — K- 2 - ;^ ^^/V^S^^ : liX^ 9 4. 3% 

milR^ 9 7. 2 % 

3 - 3 — K- 2 - 7{ ^/l-^SW^ : 0. 7% 

0 . 7 % 

5 - 3 - K- 2 - ^ ^yl^^S^^M^ 9 9 . 7% 

c^ife^^y 6 ] 

m^m 5 -e^Sigs ifc^^^iciHiJix LfcH- 13 ^if ^ b 2 4 5 g 

^^ffi Life r i^Jl^(:i^JS^!l 5 tmmti::^mx-. RJt^RXfU- & M 
^ U , 6 ID i T* 2 - ^ ^^v^S^^^-fb^^ 5-3 



^ 1 ^ 





m 1 


2 3 


4 


5 




6 




97.0 


97. 5 97. 2 


96. 7 


95. 


9 


93. 0 




94. 3 


94. 5 94. 5 


93. 8 


92. 


9 


90. 2 




^' 97.2 


96.9 97.2 


97. 0 


96. 


9 


97. 0 




.S''^ 99.7 


99.7 99.7 


99. 7 


99. 


6 


99. 6 


1) 2 


- ^ ^/i^^S 


mm^itm (%) 










2 ) 5 


- 3 — K - 2 




gJlX^ (o/o) 






3 ) 5 


- 3 — K - 2 






(%) 






4 ) 5 


- 3 — K - 2 






t (%) 
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. 2 - }< f-/l-^&.^^^itm 9 7. 0% 

5 - 3 — K- 2 - ^ ^/V^SII^ : J|X^ . 9 4. 1% 

9 7. 0 % 

3 - 3 — K- 2 - p{ ^/I'^S^^ : J|X^ 0. 7% 

mnm 0. 7% 

Ji^^'^J 5 - 3 - K- 2 - ^ 9 9 . 7% 
C^ii#>l 8 ] 



SI 2 ^ 





1 


2 


3 


4 


5 


6 




97. 0 


97. 2 


97. 2 


96. 8 


96. 0 


94. 2 




94. 1 


94. 6 


94. 6 


93. 7 


93. 2 


89, 8 




97. 0 


97. 3 


97. 3 


96. 8 


97. 1 


95. 8 




99. 7 


99. 7 


99. 7 


99. 7 


99. 6 


99. 6 



immm 9 ] 

^^^-f h 2 3 8 g<£r(&IiRLfc„ lE]JlXLfcH-i3M-^:^7-f h^-^y 
J-AtL:;'c^'t' l 5 0 °CT 2 B#fBl^J^^. 5 5 O °CT' 3 
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it. r (^H- jSMif V^^ffi LT^Ji^!] 5 , etmmtj::^^ 

tJ« l9i V ^ ffi; ^ }6Mt b H fd „ 







7 






8 






9 




1 0 






9 


7 . 


0 


9 


7 . 


5 


9 


7 . 


2 


9 6 . 


7 


ilJJ^ 2) 


9 


4 . 


3 


9 


4 . 


7 


9 


4 . 


4 


9 3 . 


8 




9 


7 . 


2 


9 


7 . 


1 


9 


7 . 


1 


9 7 . 


0 




9 


9 . 


7 


9 


9 . 


7 


9 


9 . 


7 


9 9 . 


7 



immm i o ] 

114^ 

Rm^Wf. 7 8 9 1_0 

te-ft;^*' 8 8. 2 8 0. 2 6 8. 5 5 0. 2 
jUi^z) 84.2 76.8 64.7 46.3 

m^^^^ 9 5. 5 9 5. 8 9 4. 5 9 2. 2 
lg^3i9fil^'" 9 9 . 6 9 9. 5 9 9. 5 9 9. 1 



immm i i ] 
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m5m 







7 






8 






9 




1 0 






9 


5 . 


2 


9 


0 . 


2 


8 


2 . 


5 


7 0 . 


2 


2) 


9 


0 . 


4 


8 


7 . 


0 


7 


8 . 


2 


6 6 . 


2 




9 


5 . 


0 


9 


6 . 


5 


9 


4 . 


8 


9 4 . 


3 




9 


9 . 


7 


9 


9 . 


6 


9 


9 . 


5 


9 9 . 


5 



C^Jfe^J 1 2 } 

}«&^3lgfgW^<ix.fci 1 0 L^j^^^^lC, 2 6 7 8 g . *=7K@^ 

^ 8 2 3 g. 2 - 7« 7 0 0 g . 3!>^ 5 0 2 g. 70 

% 3 t^mmii^mm 2 9 9 g . h- js M-if hieig^ttazi^ 
s jt»s?a^ ( 1 2 2 °c) 4 B#rpi^^s: $-^fco Rft^nr^H - 0 m 

L/cefeO^^^^toglJ: J:o-riEli|Xb-C^^ifei 1 0 4 2 g (^iS^ 
m^) =lr#fc„ lplHX^^S.tJ«#?^^H P L C (iiSit^i*:^ o b 

2 - ^ f^/w^SW^^-fb^ : 9 7. 0% 
5 - 3 ^ \f - 2 - ;^ '^Jl-^^^m : 9 4. 3% 

9 7. 2 % 

3 - 3 — K- 2 - 7« f^/V-^S§®! : ilX^ 0. 7% 

il^^ 0. 7% 

5 - 3 - K- 2 - p« 5=-/^^S#i!/SrBltSL^ : 7 7 . 3 % 

M^t" 5 - 3 - K- 2 -p« 9 9 . 7% 
±IBT*# e^n^^^C/^tel 1 g ^ ^ ^ / -/^ 2 5 m L 4 % K 

l7k^l^25mL, 1 7 5 m L 3Sr^)P 0. 02M^::e- 

hoito * I c P :^7c^5>^t:: a: ttJi. Li. N a . K. M g . 



21 



wo 2005/003073 



PCT/JP2004/009696 



Ca. Sr. Ba, Sc> Y. Ti. Zr, V. Nb, Cr.Mo 
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m\-^i^tlii 1 p pmiSilTT'feorCo 

immm i 7 3 

40g<7)90% (126g) ^^tFf^lC y f- jS' /l^ b:^o P 1^ f 

/i^i-^^S^a ^. ^ffi^^ili 5<biRl^^^:^;^;;^=fTV^H-i3S^f:^■7^ h 
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